Abstract -Indonesia is the one of the countries with the largest of sea area. However, the water surveillance categorized as minimum. The human resource and the low level of infrastructure are the causal of the minimum level of water surveillance. The human involvement of water surveillance has many weaknesses, such as weak against the change of the nature condition, limitation in reaching location, weak against water turbidity levels and water pollution. The utilization of ROV (Remotely Operated Underwater Vehicle) could be a solution in water surveillance problem. The development of ROV still not significant in Indonesia. The development costs are also a problem in development of ROV. Many researcher using USBL (Ultra Short Base Line) sensor to sense the depth of the ROV. However, the cost of this sensor is relatively expensive. The usage of low-cost pressure sensor could be a solution to replace the USBL sensor. The low-cost pressure sensor has a significant deviation. The implementation of Newton's polynomials interpolation algorithm has been used to decrease the deviation level of the sensors. The result shows the algorithm has succeeded to decrease the deviation level of the pressure sensor significantly. The MSE value of default sensor was 42956.2, which is significantly worst. The Newton interpolation algorithm has been succeeded to reducing the MSE value to 17.82. The result of this research was expected to reduce the cost of the ROVs development especially for sensors cost.
INTRODUCTION
Indonesia is the one of the countries with the largest of sea area. The area of the sea is around 66 % of the total area of the country [1] . However, the water surveillance categorized as minimum. The water surveillance including surface water area and deepwater area. The human resource problems and the low level of infrastructure are the causal of the minimum level of water surveillance. Generally, the water surveillance especially deep-water area often involves the human which has many weaknesses. The weaknesses of the human involvement such as weak to the change of the nature conditions, limitations in reaching locations, weak against water turbidity levels and water pollution [2] , [3] . The utilization of underwater robot could be a solution to solve the water surveillance problem in Indonesia. One of the types of underwater robot is Remotely Operated Underwater Vehicle (ROV).
ROV is a small-scale submarine vehicle that operated manually from the surface or different place by the operator. ROVs are generally used in deep water exploration and observation such as deep water image acquisition, military operation, rescue operation and subsea pipelines reparation [3] . The development of robot underwater in Indonesia is still not significant [4] . Many aspect must be concerned in the development of ROV such as mechanical and electrical components protection, the robot movement balance, recording of surrounding areas, and the command executions [3] , [5] . ROV must have agile and stable movement ability. The maintaining of the dive altitude is a mandatory ability of the ROV [5] . The maintaining of the dive altitude is not easy task. Since the size of the ROV are relatively small. It is highly possible to the disturbance occurrence such as water waves, upper water currents, lower water currents and surrounding objects. In order to maintaining of the dive altitudes, the closed loop control system is required.
The closed-loop control system involving sensors as feedback, controller and the plant. The PID controller is the typical type of the controller that used by ROV [6] . Dive altitude sensor is the most critical component in maintaining the dive altitude of the ROVs. Since the dive altitude sensor sends the feedback signal to the controller to calculate the error value. The less error value leads to the more stable of the controlled system. The sensor failure leads to the unstable system. The system failure is the worst effect of the sensor failure [7] .
The signal generation of the sensors is not directly generated by physical phenomenon. The generated signal from the sensor could be deviate from the actual condition. The deviation level affects the error level of the sensor. The higher level of deviation leads to the higher level of error [8] . The most researchers utilize the USBL (Ultra Short Base Line) sensor to measure the dive altitude of the ROVs [9] , [10] , [11] . However, the cost of the USBL sensor is relatively expensive. The alternative option falls to MPX2100DP. The MPX2100DP is piezoresistive pressure sensor. The output voltage of this sensor is linear and proportional to the applied source [12] . It categorized as low-cost sensor. However, this low-cost sensor has significant deviation. The significant deviation leads to significant error. Therefore, the minimization of the error is required. The Newton's polynomial interpolation is the proposed methods that used to minimize the error. The Newton's polynomial interpolation is a powerful algorithm. Many application used this algorithm such as noise removal, error correction, and digital filter [13] - [16] . By using the Newton's polynomial interpolation method, the decrease of the error level is expected. The results of this research have a direct impact to the decrease of the production cost of ROVs vehicles.
II. RESEARCH METHOD
The main focus of this research is the error level reduction of the dive altitude sensor by performing the error correction method. Since the usage of low cost piezo resistive sensor as dive altitude sensor is highly possible in leading of significant error during the measurement process. The MPX2100DP is a low cost piezo resistive sensor that used in this research. Many researchers have been working on project with various error correction method. The improvement of the accuracy level of the sensor is the main purpose of the error correction. Liu implemented error correction method to increase the accuracy of the Surface Acoustic Wave (SAW) sensor. The result confirmed that the proposed method able to correct the errors and reduce the standard deviation level [17] . Pop proposed the adaptive algorithm for error correction in temperature measurement. The decrease of the systematic error is an objective of this proposed method. The high frequency noise leads to the error during the measurement which called syst5matic error [18] . The neural network based-error correction method has been proposed by Jiang. The decrease of the error level in pressure sensor measurement is the objective of the proposed method. The results showed the improvement of the sensor performance has been achieved [19] . Zhang has proposed Support Vector Machine (SVM) based-error correction method for infrared methane sensor. This algorithm has been successful to reduce the errors during the measurement that performed by infrared methane sensor. However the support vector machine training is relatively difficult to be performed [20] . Gao proposed a polynomial fitting based-error correction method to reduce the error of the gyro sensor. By using the polynomial fitting method, the errors have been corrected successfully [21] . The similar method of the error correction also performed by Yang. Yang has proposed polynomial fitting based-error correction method for electromagnetic indoor positioning system. This method has been successful to increase the accuracy of the electromagnetic indoor positioning sensor by 1.5 cm [22] .
Polynomial fitting is a powerful method that has ability to perform error correction, outlier removal and automatic defect data fixing. Zhang perform polynomial fitting to remove the outlier in flight data testing. The least square based-polynomial fitting method has been used in this research. This algorithm has been succeeded to remove the outliers under Pauta criterion. It also has ability to repair the defect data's automatically. The flight data testing without outliers has been achieved as the result of the usage of the polynomial fitting [13] [23] . Yang has been implemented polynomial fitting to perform error correction in electromagnetic electronic indoor positioning system. The improvement of the accuracy has been successfully achieved [22] . The ability to repair the defect of the data is the effect of the interpolation properties. Since the interpolation properties of this polynomial fitting algorithm then it's called interpolation polynomials algorithm. Newton's polynomials interpolation [24] . Since those advantages of the Newton's polynomials interpolation algorithm then this algorithm would be implemented in this research. This research divides into 4 different stages as shown in flowchart in Fig.2 . 
A. Data acquisition
The MPX2100DP is categorized as low-cost pressure sensor. This sensor could be utilized as dive altitude sensor for the ROV. However, this sensor has a signification deviation level. The early stage of this research was performing the data acquisition for the sensor at a certain depth range. The depth range is between 0 -10 meters. The result of the acquisition process was a vector values that represent the output of the sensor in a certain range depth. The acquisition process involved MPX2100DP as pressure sensor, microcontroller and serial monitor software. Firstly, the analog signal was sent by pressure sensor (MPX2100DP) to analog port of microcontroller. The ADC (Analog to Digital Converter) is required to convert the analog signal into digital signal. After conversion done, the digital output was sent to serial monitor software. The result was a vector value that consist of two elements. First element was the actual depth and the latest was the digital signal value from the sensor. Those elements are important in data modelling stage.
B. Data modeling
The earliest step for the data modelling stage was to perform an error analysis. The error analysis has been used to observe the deviation level of the sensor measurement. The next step was the data modelling by using Newton's polynomials interpolation algorithm. The result of the data modelling is useful to remove the deviation of the sensor measurement result.
C. Model implementation
The data modelling stage was producing the model equation. This model equation was implemented to the microcontroller. The microcontroller processed the analog input then performed the error correction based on the model. The detail of the algorithm implementation stage is shown below: The analog signal from the pressure sensor (MPX2100DP) was measured by ADC. The ADC converts the analog signal form into digital signal form. The 12 bits ADC has been used in this research. The voltage of the ADC's reference voltage was 3 volts. The Newton's polynomials interpolation algorithm performed the error correction and sent the result values in digital form.
D. Performance evaluation
The latest stage of this research was performance evaluation. The performance evaluation compared the signal of the sensor before and after using Newton's polynomials interpolation. Due the limitation of the funding, the short-term goal of this research is realization of the low-cost dive altitude sensor. The researchers only compare the production cost of the USBL sensor and our low-cost dive altitude sensor. The performance comparison between USBL sensor and our low-cost dive altitude sensor will be our next research interest.
III. RESULT
The data acquisition stage is the most important steps in developing polynomial model. The sensitivity of MPX2100DP sensor is 0.4mv/kPa. The hydrostatic pressure in water columns for 1 kPa is similar with 10 cm depth.
As shown in the Table 1 , the interval for depth measurement is 50 cm. The highest deviation level is occurred at a depth of 1000 cm. It deviates 332.5 cm from the actual depth. The deviation level of the sensor is proportional to the depth level. The evaluation result is represented in Fig.5 .
The Newton's Polynomials Interpolation Based-Error Correction Method for Low-Cost Dive Altitude Sensor in Remotely Operated
Underwater Vehicle (ROV) The result of the MPX2100DP sensor has significant deviation level. Therefore, it is necessary to reduce the deviation of the sensor by using error correction method. Since error level and instability of sensor highly affect the control process. As the worst case, it can lead control process to fail. In the context of ROV's dive altitude control, the implementation of such sensor is highly possible in leading of unstable movement of the ROV's, failure in dive altitude control and catastrophic for the whole ROV's system. IV. DISCUSSION The Newton's polynomials interpolation basederror correction method composed by two steps. The first step is dataset creation. The second step is coefficient calculation.
A. Dataset creation & coefficient calculation
This dataset is very important for coefficient calculation. The coefficients were tied with the dataset. A small change of the dataset would affect the coefficient of the model equation. In this research, the dataset was created with only 11 data with 100 cm interval. Since the data result from the data acquisition was linear. The Newton polynomials interpolation formula gave the polynomials of th degree pasing through the points ( , ( )) where = 0,1, … , [25] . 
The implementation of the Newton's polynomials interpolation algorithm yielded the model in the form of equation (1) . The obtained model has been implemented to the microcontroller in order to fix the error from the MPX2100DP sensor.
B. Performance evaluation
The comparison of the accuracy level of the sensor has been used to evaluate the performance of the sensor. The performance evaluation compares the accuracy of the MPX2100DP sensor equipped with Newton's interpolation algorithm and standard The performance evaluation shows the performance of the sensor equipped with Newton's polynomials interpolation algorithm was better that standard MPX2100DP sensor. The experiment result is shown in the Table 3 . The MSE (Mean Squared Error) value is also calculated in this research. The MSE value represents the closeness level to the target value [26] . The MSE formula is shown in the equation (3).
The represents the data quantity, ̂ represents the n number of true values, and represents the n number of measurement value. The MSE values for the standard sensor and sensor equipped with Newton's polynomials interpolation algorithm were 42956.2 and 17.82. The result of the MSE values show the sensor equipped with Newton's polynomials interpolation algorithm had better performance than standard sensor. Since it had lower MSE value. The Newton's interpolation algorithm has succeeded to decrease the deviation level of the standard sensor significantly.
In addition to this research, the new sensor characteristic was also presented. Since the sensor utilized new processing algorithm which is Newton polynomials interpolation algorithm then it automatically modified the sensor characteristic. The new sensor characteristic describes the correlation between output voltage of the sensor and depth level. The model of the new sensor characteristic has been obtained by calculating the correlation between voltage output of the sensor and the results of corrected depth measurement as shown in Table 4 . The graphic representation of the new sensor characteristic and default sensor characteristic are shown in the Fig.7 .
The Newton's Polynomials Interpolation Based-Error Correction Method for Low-Cost Dive Altitude Sensor in Remotely Operated
Underwater Vehicle (ROV) V. CONCLUSSION
The high of the development cost is one of a problem the stagnancy of the ROV developments in Indonesia. Sensors are the one of the costly parts in the development of ROV. Many researchers utilize the USBL (Ultra Short Base Line) sensor in the development of ROV. However, the cost of this sensor is relatively expensive. As alternative, the piezo resistive sensor is one of solutions that can be used to replace the USBL sensor. The MPX2100DP is a piezo resistive pressure sensor. The disadvantage of this sensor is in fact that it has worst deviation level. The Newton's polynomials interpolation is the method to decrease the deviation level. The usage of the Newton's polynomials interpolation algorithm has been succeeded to decrease the MSE level to 17.82. The default of the MPX2100DP sensor has MSE value of 42956.2.
